An NMR spectroscopy and molecular mechanics study of the molecular basis for the supramolecular structure of lipopolysaccharides.
Lipopolysaccharides from Gram-negative bacteria interact with the mammalian immune system to trigger a cascade of physiological events leading to a shock syndrome which results in the death in over 70% of cases of severe shock. It is known that the supramolecular structures of lipopolysaccharide aggregates are critical contributors to their biological activities. Despite this, the molecular basis for the formation if the regular hexagonal plates and arrays observed in lipopolysaccharide films and suspensions is unknown. Since these structures are two dimensional, it is unlikely that X-ray crystallographic methods will shed much light on their detailed structure. Knowing this structure is important since it is becoming increasingly likely that the insertion of the lipopolysaccharide hydrocarbon chains in the target host cell membrane may be involved in triggering host responses. This work describes the three-dimensional structure of the lipopolysaccharide lipid A moiety. The structure was obtained by a combination of molecular mechanics calculations and nuclear magnetic resonance spectroscopy. This involved calculation of the dihedral angle between the two glucosamine residues of the lipid A molecule from coupling constants and measuring critical interresidue NOE values. The study also takes into account information from X-ray powder diffraction and electron microscopy studies.